Background: The link between human immunodeficiency virus (HIV) and cervical cancer is of particular concern in Botswana, where one in four women at risk for cervical cancer is HIV-positive. In settings where co-occurrence of these diseases is high, adherence to screening appointments is essential to ensure detection and early treatment. Methods: This study took place in a cervical cancer-screening program in an HIV clinic in Botswana. Data for this analysis came from 1789 patient records and 257 semi-structured surveys about the screening consent process that were completed by a subset of patients. Results: Forty percent of women kept their scheduled follow-up appointments. Findings suggest that women treated at first visit or referred for additional treatment due to the presence of more advanced disease had more than double the odds of adhering to follow-up appointments compared to women with negative screens. Women who completed the 35-min surveys in the embedded consent study were found to have 3.7 times greater odds of adhering to follow-up appointment schedules than women who did not. Factors such as age, education, income and marital status that have been shown elsewhere to be important predictors of adherence were not found to be significant predictors in this study. Conclusions: HIV-positive women in Botswana who are symptom free at initial screening may be lost to essential future screening and follow-up care without greater targeted communication regarding cervical cancer and the importance of regular screening. Strategies to reinforce health messages using cell phone reminders, appointment prompts at time of anti-retroviral drug (ARV) refills, and use of trained community workers to review cervical cancer risks may be effective tools in reducing the burden of cervical cancer disease in HIV-positive women in this setting.
use of hormonal contraceptives by HPV-positive women, smoking, high parity, and co-infection with HIV [5] [6] [7] [8] [9] . Women living with HIV are at greater risk for HPV infection and are 2-8 times more likely to develop cervical cancer than uninfected women [9] . Studies have shown that HIV-positive women develop severe pre-cancerous lesions at a younger age than non-infected women (32.7 years versus 47.5 years), experience shorter intervals between onset and invasive disease (3.2 years versus 15 years), and have more recurrences and lower survival rates [10, 11] .
Because detection and treatment play a significant role in determining outcomes for women with cervical cancer, considerable attention has been paid by health professionals and researchers to promoting women's utilization of prevention services. A significant body of research, mainly among women in high-income countries where cytology-based screening is the predominant method of screening, has identified a number of factors associated with non-adherence to screening. They include being older, having less than a high school education, lack of insurance or regular health care, no referral by a health provider, poor acculturation, low income, misconceptions about cervical cancer, and perceived vulnerability to the disease [12] [13] [14] [15] . Research focused on HIV-positive women have found that one quarter to one half of this group, while at greater risk of cervical cancer than HIV-negative women, may not have had any screening for the disease [16] [17] [18] [19] . Indeed, they were less likely to have had a screening for the disease than their uninfected peers, for whom adherence rates have been reported ranging from 14 to 20% [18] . It has been suggested that preventive care in general may become 'lost' in the face of more urgent care for HIV; women may be overwhelmed with too many appointments, often in an environment in which centralized care is absent [17] .
Information on factors associated with women's utilization of cancer prevention services in LMIC countries is far more limited. A 2012 study in a rural district in Tanzania found that distance to a screening facility and women's knowledge about cervical cancer and its prevention were significantly associated with uptake of screening services [20] . Similarly, time to screening facility was also a factor in a study of 15 countries in sub-Saharan Africa and South Asia [21] . Additional factors, including being younger than 60 years, having a secondary education or higher, and being single were also significantly associated with the likelihood that a woman would have been screened for cervical cancer. Care-seeking from traditional healers and being from rural areas was associated with women not having ever been screened. A 2011 study of 514 women in Zimbabwe reported that women who were financially independent from their husbands and women living in villages were more likely to access cervical cancer prevention services than women who were dependent on their husbands for support or who lived in more remote settings [22] . Age and lack of knowledge about cervical cancer and its prevention as factors associated with screening in Nigeria and Kenya, respectively [23, 24] . In Botswana, two studies that looked at cancer awareness and cancer screenings identified age, lack of knowledge, provider attitudes, and limited access to doctors as factors in women not seeking timely screening for cervical cancer [25, 26] . Literature to date on screening programs targeting HIV-positive women in developing countries has largely concentrated on issues relating to feasibility and scalability; there has been virtually no scholarly work looking specifically at correlates of adherence to cervical cancer screening guidelines among HIV-positive women in Africa and elsewhere in low-resource settings. One 2010 study by Dal Maso and colleagues of screening adherence among women in Northern Italy noted that women born in Africa (39%) were more likely than native-born women not to have had a Pap smear within the past year as recommended [27] .
The link between HIV and cervical cancer is of particular concern in Botswana, where two-thirds of cervical cancer patients are HIV-positive [28] and where it is estimated that as many as 200,000 women, i.e., 25% of women at potential risk of cervical cancer, were living with HIV in 2016 [29] . HIV disproportionately affects women in Botswana, with women numbering more than half of all people living with HIV in 2016. Expanding primary and secondary intervention services to reduce the disease burden of cervical cancer in its population has been a major priority of the government of Botswana for more than a decade. The first comprehensive plan for cervical cancer prevention (2012-2016) called for the dual use of visual inspection with acetic acid (VIA) linked to same treatment visit cryotherapy when indicated, as well as Pap smears for coverage of 80% of at-risk women ages 30-49 years [28] . Despite major gains in coverage achieved under the plan, median time from diagnosis to treatment is approximately 4-5 months; the reasons for this are unclear, although distance to treatment center, poor healthcare systems, easier access to traditional healers, opportunity costs, and limited cancer awareness and cancer stigma have been suggested as potential factors. The purpose of this study was to assess the extent to which women who were screened for cervical cancer as part of a pilot program in Botswana kept their follow-on appointments and to identify factors associated with adherence to the prescribed screening schedule at the time of the study.
Methods

Setting
This study took place in a cervical cancer-screening program in the Bontleng Clinic in Gaborone, a primary care clinic in the capital city of Botswana. The program was part of a national pilot program undertaken by the Botswana Ministry of Health in cooperation with the Botswana UPenn Partnership and funded by the US President's Emergency Plan for AIDS Relief (PEPFAR). At the time of this study the Bontleng Clinic was also the site of a district anti-retroviral clinic which drew patients from throughout the city for HIV testing and ARV treatment. Nurses provided brief health educational talks about cervical cancer each morning in the waiting areas of the ARV clinic to encourage women to come for screening. Women interested in taking part could come to be screened during that same visit or return at a later date. As is common in many public healthcare services in Botswana, women were not given specific appointments for their initial screenings but were taken on a first-come, first-serve basis each day at the clinic. Fixed-day appointments were given to women for all follow-on screenings; those women who were treated during their initial visit were to be re-screened at the time of each follow-on appointment.
As part of the national pilot program, cervical cancer screening at the Bontleng Clinic provided an opportunity to examine the acceptability and efficacy of a screening program using Visual Inspection with Acetic Acid (VIA) and Enhanced Digital Imaging (EDI) for the early detection, triage, and treatment of pre-cancerous and cancerous lesions of the cervix [30] . Patients were screened at the clinic by a nurse trained in this "See and Treat" procedure; low-grade lesions were treated with cryotherapy at the same visit. The screening process was enhanced by the use of digital cameras that allowed the nurses to show patients their exam, discuss where a problem was detected and what treatment, if any, was needed. Women with more complex lesions were referred to a specialized clinic at Princess Marina Hospital where a physician would decide on further treatment. The digital images were reviewed on a weekly basis in discussion sessions with the nursing staff and the program's medical director; the sessions provided opportunities for capacity building as well as program quality assurance. At the time that data were collected for this study, the pilot program was still uncertain as to the extent to which cervical cancer risk was increased by its co-occurrence with HIV and the recommended timing of periodic screening as a prevention tool in HIV-positive women. During the pilot phase, women who screened positive and received same day cryotherapy treatment for pre-cancerous lesions were asked to return for a follow-up screening at six months. Women referred to Princess Marina Hospital for more complex procedures were sometimes asked to return to the clinic in a few weeks for a post-procedure check-up, and women with negative screens were given appointments to return at one year.
Study samples
Data for this analysis came from two sourcespatient medical records from the screening program dating from its inception in March 2009 through May 10, 2011 ( Fig. 1) and an embedded study on the informed consent process that took place from April 2009 -May 10, 2011( Fig. 2 ). Medical records for 2310 patients were reviewed to identify eligible records, i.e. records containing complete data on dates of first screening and scheduled follow-on appointments, results of initial screening (negative or treatment required) and follow-up appointments scheduled to occur prior to the close of the data collection phase. From the 1789 records that met these criteria, the study team then derived data on women's screening and treatment schedules as well as basic demographic information on age, education, employment, household income, relationship status, and number of children. All women screened at the clinic were over the age of 18 years.
The second set of data was derived from an embedded study of the informed consent process used as part of patient intake for the VIA screening program at the clinic during an eleven month period in 2010-2011. The purpose of the embedded study was to determine the extent to which participants in the screening program understood the nature and purposes of the screening process and appreciated the risk factors associated with cervical cancer given their HIV status. As part of the embedded study, a member of the study team was present in the clinic on a daily basis during patient intake; the team member approached all women in the waiting area who had completed a patient-intake process with the clinic nurse and provided consent for the screening. Of the 398 women who consented to the screening during the period April 1, 2009 -May 10, 2011, 387 agreed to be part of the embedded consent study. At the request of the clinic staff, no incentives were offered to women for their participation in the embedded study to avoid any possible misperceptions that women who came to the clinic for screening would be paid to do so. The team member explained the purpose of the embedded study and those who agreed to participate were asked to sign or have their oral consent witnessed on a written consent document. Women who agreed to participate were interviewed by the study team individually in a separate office adjacent to the waiting area prior to, or immediately after their exam. A semi-structured interview, conducted in Setswana (the local language in Botswana) and English, was developed specifically for this study to assess women's knowledge and understanding, based on information they were provided during the consent process, about cervical cancer, the roles of HPV and HIV in the disease, screening-related risks, and the importance of regular preventive care (see Additional file 1). The consent study also gathered demographic information and collected data about women's general health status, and their roles as decision makers in their daily lives. Of the 387 women who agreed to participate in the embedded study, only 257 could be linked by identifiers (IDs) to medical records and had at least one scheduled follow-up appointment prior to the end of the study period on May 10, 2011. Once a number was assigned to link the medical records of these women to their embedded study questionnaires, data from both sources was entered into documents for this analysis in de-identified form and the linking IDs destroyed.
Measures
Measures from patient records
The outcome variable of interest in this study represents women's adherence to scheduled appointments. Women who had a negative screen were given appointments to return in 12 months; women who had been treated during the screening visit were, for the most part, given an appointment to return at six months. Finally, in a few cases, women who had been treated required a follow-up appointment within several weeks of their visit. First, a binary variable "complied with instructions to come to the clinic for a follow-up appointment" was created. Women who kept a scheduled follow-up appointment were given a score of 1= "adhered to follow-up schedule". Women who were assigned a follow-up appointment, but who did not return to the clinic within a 30-day window were given a score of 0= "did not adhere to follow-up schedule".
Demographic information derived from the patient records included age, education, type of employment, monthly household income, relationship status, and number of children. In cases where women were unaware of their monthly household incomes, imputation was used to provide estimated values for household income based on the sample distribution; however, an additional binary economic variable, 'aware/unaware of household finances' , was also included in the regression models to account for these women's responses. An Add back in: 12 records whose participants came back into the clinic before May 10, 2011 even though their scheduled follow-up was after May 10, 2011
Full sample for analysis (Total n = 1,789)
Remove: 3 records who do not have "treated" data additional variable was created from the logged appointment schedules to indicate whether or not a woman had been treated during any of her appointments at the clinic.
Measures from embedded consent study
The information provided by women in the embedded study on informed consent was much more detailed than that collected by the clinic nurse as part of regular patient intake. Measures were created from women's responses to interview questions about their roles as health decision-makers in general as well as specific questions regarding their understanding of cervical cancer, cervical cancer risk, and the screening process. Binary variables relating to a woman's health-related decision-making were created from responses to questions about who, in the household, made decisions about having a child, using birth control, buying one's own medicine, and purchasing other household items such as toiletries. A nine-item depression subset of the full Patient Health Questionnaire (PHQ-9) that had been previously validated in Setswana was used to assess the presence of depressive symptoms in respondents [31, 32] . All women in the embedded sample were asked four questions to ascertain whether or not they had understood the information provided during patient intake; these included questions asking a woman to explain what HPV was, its relation to HIV, the causes of cervical cancer, and the effects of one's HIV status on the risk of cervical cancer. For these analyses, women who answered all four questions correctly were given a score of 1 = 'understands risk' and those who could not answer all four questions correctly were given a score of 0= 'does not understand risk'. Additional binary variables were created to indicate whether a woman had to consult with or ask permission from someone else prior to taking part in the screening program, and whether she was a returning patient to the screening program. Women's responses to questions about the nature of their work for wages in the embedded study were more specific than the information gathered during patient intake. Based on responses to interview questions about the actual type of work performed, the study team member was able to be determine whether to classify the work as 'informal work for wages' (yes/no) or 'formal work for wages' (yes/no) and avoid possible misattribution by respondents.
Analysis strategy
In order to determine the extent to which women at the Bontleng Clinic adhered to then-current protocols for screening appointments, this analysis examined data from the patient records as well as demographic data and measures of knowledge about cervical cancer from the embedded study. Detailed data from the embedded study on women's understanding of information provided to them as part of the patient consent process were not included in this analysis and will be published elsewhere when analysis has been completed. Descriptive statistics were run for all variables of interest for the full and embedded study sample separately. Bivariate analyses were used to examine associations between women's adherence and each of the variables of interest (Pearson's chi-squares for Fisher's Exact Tests, depending on bin size, for binary and categorical variables of interest and logistic regressions for continuous variables of interest). Two separate logistic regression models were run in Stata statistical software version 14 to explore associations between a number of factors and women's medical adherence [33] . The first model only included data derived from medical records. The second model looked at data from the survey responses of women who participated in the embedded study combined with the relevant medical record information. The proportion of missing values on all variables of interest was 5% or less; thus, a user-written program (hotdeckvar) in Stata v.14 was used to carry out single value imputation on all of the variables used in the models except the treated variable and the outcome adherence variable [34] .
Results
Descriptive statistics
Descriptive statistics are summarized in Table 1 . Findings show that many of the descriptive statistics are similar between the full and embedded samplessuggesting the embedded sample is probably a good representation of the full sample. Of the 1789 women whose medical records indicated return screenings/check-ups scheduled during the data collection period, 718 women were adherent to within 30 days of their appointments. About 10% of the women in the full sample (n = 176) were screen-positive and required treatment for pre-cancerous lesions during their clinic visit or were referred to Princess Marina Hospital for treatment for cancerous lesions. Of those women, 109 (about 62%) were adherent to within 30 days of their appointments. By comparison, of the 1789 women, 1612 were screen-negative (not treated), and of those women, 609 (34%) were adherent to within 30 days of their appointments.
Sixty-eight percent of the women in the embedded sample, i.e., those women who participated in the separate consent study, met the study criteria for adherence, compared to 36% of the women who did not. Of the 257 women in the informed consent sample, 67 were screen-positive and treated and of those women, 53 (79%) were adherent to within 30 days of their appointments. Of the 257 women, 217 were screen-negative (not treated), and of those women, 138 (64%) where adherent.
The average age of women in both the full and embedded samples was approximately 35 years. About 70% of women in the study were single with close to 14% of the remaining women reporting that they were legally married. Approximately one-quarter of the women in the full and embedded samples had a primary education or less and the remaining women had at least a secondary education. Over 40% of both samples had monthly incomes of less than 1000 Botswana pula (approximately $100 US) and an additional 40% had monthly incomes between 1000 and 2499 pula ($100 -$250 US). Around 30% of women, however, did not know their household income, suggesting that they had little control over or access to a predictable monthly income on which to live. Within the embedded sample, about 94% of the women reported that they were involved in decisions about buying toiletries and small household goods and 62% reported being involved in decisions about family planning. Six percent of women had symptoms of depression as defined by the PHQ-9. About 29% of them understood the risks associated with HPV, HIV, and cervical cancer. Two in three women reported that they consulted with someone prior to participating in the study and 2.7% reported needing permission to participate in the study.
In the full sample, factors of significance at the bivariate level of analysis included education, type of employment, awareness of household finances, and treatment at first screening. In the embedded study (which included additional variables about the patients) factors that were significantly correlated with adherence included participation in the embedded consent study, age, income, treatment at first screening, informal sector work, and new/returning patient status at the screening program.
Factors associated with adherence
Results from the logistic regression of women's adherence on a variety of factors in the full and embedded samples are summarized in Table 2 . According to results, women who participated in the embedded consent study had much higher odds of complying with instructions to return for a follow-up visit (OR 3.7, CI95% 2.79,4.97, P < 0.001) than women who did not. Results also suggest women who were treated for pre-cancerous lesions or early symptoms of disease after their initial screening had significantly higher odds of complying with instructions to return for a follow-up visit compared to women who were not treated. The odds of adherence more than doubled for women who were treated in the full sample (OR 2.5, CI95% 1.92,3.55, p < .001) and increased by more than nine-fold for women who were treated in the embedded sample (OR 9.11, CI95% 2.72,30.49, p < .001). Only one additional factor emerged as being significantly associated with adherence in the full sample-awareness of household finances. Women who were aware of their household finances in the full sample had 69% greater odds of complying with instructions to return for a follow-up visit than women who did not known their household's monthly income. This effect, however, did not emerge as a significant factor in the embedded sample that controlled for additional attributes.
In the embedded sample, two additional factors emerged as being significantly associated with women's adherence-their participation in informal work and if they were a returning patient to the clinic. Women who reported having informal work at the time of the study had over twice the odds of adhering compared to other women in the study. Women who reported that they had been patients of the clinic prior to the study had over five times the odds of complying with instructions to return for a follow-up visit after their screening compared to women who, at the time of the study, were new patients to the clinic (OR5.65, CI95% 2.88, 100.98, p < .001).
Discussion
Adherence to appointments for cervical cancer screening and treatment is important for women everywhere but is critically so in countries in which a high percentage of the female population is HIV-positive and therefore at increased risk of the disease. In such environments, prevention efforts must not only encourage screening for all women in accordance with WHO guidelines [36] but must also aggressively target HIV-positive women in whom there is currently no evidence of the disease but for whom the risks of developing the disease remains high. This is the first empirical study in Botswana to examine the factors that may influence whether or not a woman adheres to instructions that she receives with respect to follow-up screening appointments and to consider the implications for the success of screening programs in reducing the incidence and mortality from this disease.
This study provides strong evidence, both at the bivariate and multivariate level of analysis, of a correlation between women's adherence to appointment schedules and having received treatment or a referral for treatment at their screening appointments. Women who were treated during or as a result of a screening visit were significantly more likely to keep subsequent appointments than women who had negative screens. There may be a number of explanations for this result. Socio-behavioral models of compliance with medical regimens have identified a reliable relationship between compliance and a patient's subjective perception of the illness threat, the likelihood of susceptibility, the severity of the illness, and the benefits and costs associated with adherence to a recommended medical regimen [35] [36] [37] [38] [39] . In his conceptualization of the Health Belief Model, Becker postulated that the presence of physical symptoms may introduce or elevate a sense of reality about the presence and severity of a disease or disease threat that motivates patients to follow medical instruction [36] . Women in this study who were diagnosed with pre-cancerous or cancerous lesions and were treated during their initial screening have experienced physical symptoms associated with that treatment which can reinforce the perception of illness threat. This perception may be further reinforced by the use of EDI cameras as part of the VIA screening process; women with lesions or other abnormalities of the cervix could actually 'see' the signs of Type  126  21  105 27.61*** † coefficient from a logistic regression or Fisher's Exact Test; *p < 0.05, **p < 0.01, ***p < 0.001 disease made visible by acetic acid. A visual image of abnormality may drive home the reality of disease threat for treated women; women who at first screening received no such visual reinforcement may perceive their risk for cervical cancer (what Becker terms 'susceptibility') to be low. Under such circumstances the 'costs' of adherence to future appointments may be deemed too high for the anticipated potential 'benefits' to be derived from continued surveillance. This may be particularly true in this sample of women, for whom the perceived threat and severity of AIDS is a daily reality and in a setting where the cost-benefit calculus for adherence to anti-retroviral therapy is continually being reinforced through public campaigns. A number of intrinsic and extrinsic factors have been shown in previous studies to influence women's accessing cervical cancer screening, including knowledge about cervical cancer [20, 21, [23] [24] [25] , distance to screening center [20, 21] , age [21, 23, 24] , education [21] , income/financial independence [21, 22, 40] , and marital status [21] . Distance and travel time to clinic, factors previously shown to be significant barriers or enablers of utilization of cancer screening services, were not included in this study, given that the Bontleng Clinic serves a predominantly local constituency. Although age was a significant correlate of adherence at the bivariate level in both the full and embedded samples, it lost its significance in both samples when additional explanatory factors were taken into account. Education and knowledge about cervical cancer (including causes, risk factors, and relationship to HIV-status) were not found to be significant. Similarly, marital status was not significant at any level of analysis. Findings from other studies have suggested that male partners exert significant influence on whether or not a woman accesses cancer screening services [40] ; while women in the embedded sample often felt the need to consult with others about taking part in the screening program, fewer than 5% reported needing permission and neither need was a significant factor in the multivariate models. Various dimensions of women's knowledge of, access to, and sources of income were important in this study. In the full sample, while employment and household income were not shown to be significant in the regression model, being aware of one's household finances increased the odds that a woman would adhere to screening appointments by almost 70%. While knowing household income does not imply either access to or control over resources, 'awareness' does suggest that women are, at least to some extent, involved in the management of these resources; such women may have greater latitude in setting aside household responsibilities to attend to their healthcare needs than women with no awareness of, and, perhaps by extension, only limited access to financial resources. In the regression model for the embedded study, the 'aware of household finances' variable lost its significance but, interestingly, 'engages in informal work' was found to more than double the odds of a woman's adherence to screening appointments. One possible explanation for this finding may be that women who work in the informal economy in Botswana do so as self-employed vendors of cell phone time, fruit and candy, and/or handicrafts or pick up work as day-laborers hired under government relief schemes. These types of work may give women greater flexibility in their schedules than women who have steady jobs or who are engaged full-time as subsistence householders, and therefore make it easier for them to make their scheduled follow-up appointments.
At the time of this study, the cervical cancer screening program at the Bontleng Clinic was providing information critical to decision-making by the Botswana government about the feasibility and scalability of a 'see and treat' approach to cervical cancer prevention and care.
As such, it was important that the program resemble as closely as possible the approach to patient intake and appointment follow-up that would be feasible were the program to be adopted by the Botswana Ministry of Health as a regular part of national health care delivery. Data on patient intake forms were similar to that collected elsewhere in the health care system. No follow-up strategies were used to ensure that women adhered to appointment schedules given that such efforts would not have been scalable given human and financial resources at the time in Botswana's health system. Instead, it was anticipated that rates of adherence would increase by situating cervical cancer screening and care within the HIV clinic, where new and returning patients to the program (including those requiring post treatment attention following LEEP/colposcopy procedures at the tertiary hospital) already came on a monthly basis for refills of their ARV medications from the clinic dispensary.
Findings from this study suggest a number of possible avenues that the Botswana government might adopt in the future to improve women's adherence to screening programs. Of particular interest is the finding that women who participated in the embedded consent study had significantly greater odds of adhering to future screening appointment schedules than women who had not. Although the consent study was intended to gather, rather than impart, information, it may well have seemed to patients that staff at the clinic were taking a genuine interest in them as individuals. Time invested by study personnel in establishing personal rapport with women may help establish trust and feelings of social support, factors previously identified as being positively associated with the likelihood of women attending and being treated in cervical cancer screening programs [40] . Another possible explanation for the significant difference in adherence rates between those women who participated in the consent study (68%) and those who did not (42%) may be found in the work to date on improving patient recall of health care information both in research and clinical settings [41, 42] . Key messages imparted during patient intake and the consent process for the screening may have been reinforced when women were asked in the interviews to recall what they had been told about HPV, HIV, and cervical cancer. Although comparison data for the women who did not participate in the consent study is unavailable, the number of women in the consent study who could, for example, remember the role of HIV in cervical cancer risk was very high (95%) and may well have contributed to their attention to follow-on appointments. Although time is a precious commodity in health care settings in general, and particularly in resource-constrained clinics, the use of trained students and community members as in-house health communicators may enhance women's clinical experiences and their adherence to follow-on appointments without creating additional burden for nurses and physicians.
The use of visual aids in the screening process may be important in how women perceive the severity and threat of cervical cancer, particularly among women in whom pre-cancerous lesions are found. Absent screen-negative findings, HIV-positive women may not grasp the extent to which they remain at risk for cervical cancer and the ongoing need for periodic screening. Strategies to reinforce women's appreciation of their susceptibility to cervical cancer should be pursued as part of an expanding national screening program in Botswana. Use of cell phone appointment reminders and the inclusion of screening prompts for women when they visit their ARV clinics each month for pharmacy refills may be effective tools in this regard. Health promotion efforts specifically addressing the positive effects of early detection and routine screening for cervical cancer may increase women's perception of benefit and reduce what may be seen as the opportunity costs involved in adhering to yet another set of medical protocols for women living with HIV.
This study had several limitations that may impact its findings and their interpretation. The data for this analysis were cross-sectional, so no definitive conclusions can be drawn about the temporal or causal relationship among the study variables. In addition, while the data do provide important information on women's adherence to their appointments, it did not permit us to distinguish with certainty between those women who received same day treatment with cryotherapy for pre-cancerous lesions and those who were referred to the tertiary hospital for more complex procedures. Importantly, this study was undertaken during a pilot phase of the VIA screening program in Botswana at a time when the risk relationship between HIV and cervical cancer was less well understood, and the most effective mode of delivery for a cervical cancer screening program not yet identified. More research on adherence is needed now that a formal national cervical screening and treatment program is in place in Botswana and new policies have been issued with respect to the recommended frequency and types of screening. In addition, the Botswana Ministry of Health implemented in 2015 a national HPV vaccination program as standard of care for girls ages 9-13 years, which is likely to raise awareness in the country about cervical cancer and may significantly impact the number of women who adhere to national guidelines regarding routine screening for the disease [43] .
Conclusions
Expanding primary and secondary intervention services to reduce the disease burden of cervical cancer in its population has been a major priority of the government of Botswana and its international partners for more than a decade. Despite gains in coverage, more work is needed to improve adherence among HIV-positive women to screening appointment recommendations and to achieve the government's recommended target of 80% coverage of women ages 30-49 years. Given the on-going risk of cervical cancer and its recurrence among HIV-positive women, efforts at raising awareness of disease threat in this population and the deployment of strategies to encourage adherence should be aggressively pursued. HIV-positive women in Botswana who are lesion free at a first screening may be lost to essential future treatment and follow-up care without greater targeted education regarding cervical cancer risks and the importance of regular screening in this population. 
Additional file
